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Abstract

The effect of LC mobile phase composition and flow rate (2-50 pL/min) on mobility behavior in vacuum differential mobility
spectrometry (vDMS) was investigated for electrosprayed isobaric antidepressant drugs (AD); amitriptyline, maprotiline,
venlafaxine; and structurally related antidepressants nortriptyline, imipramine, and desipramine. While at 2 pL/min, no dif-
ference in compensation voltage was observed with methanol and acetonitrile, at 50 uL./min, acetonitrile used for LC elution
of analytes enabled the selectivity of the mobility separation to be improved. An accurate and sensitive method could be
developed for the quantification of six AD drugs in human plasma using trap/elute micro-LC setup hyphenated to vDMS
with mass spectrometric detection in the selected ion monitoring mode. The assay was found to be linear over three orders of
magnitude, and the limit of quantification was of 25 ng/mL for all analytes. The LC-vDMS-SIM/MS method was compared
to a LC-MRM/MS method, and in both cases, inter-assay precisions were lower than 12.5 and accuracies were in the range
91.5-110%, but with a four times reduced analysis time (2 min) for the LC-vDMS-SIM/MS method. This work illustrates
that with vDMS, the LC mobile phase composition can be used to tune the ion mobility separation and to improve assay
selectivity without additional hardware.

Keywords Isobaric drugs - Antidepressants - Quantification - Differential mobility spectrometry - FAIMS - Trap-elute LC -
Plasma

Introduction

Identification and quantification of antidepressants in urine
and plasma is very important not only in forensic toxicology
but also for therapeutic drug monitoring (TDM) to deter-
mine safety, tolerability, and efficacy of pharmacological
treatment and pharmacokinetics [1]. Tricyclic antidepressant
drugs are a group of the main category of antidepressant
drugs (e.g., amitriptyline, desipramine, imipramine, and nor-
triptyline) which are commonly prescribed since 1950s to
treat major depressive disorder. Many analytical procedures
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have been described to quantified antidepressant drugs in
biological matrices down to the ng/mL level [2]. Gas chro-
matography with conventional and mass spectrometry (MS)
detection [3], or liquid chromatography with diode array
and mass spectrometry detection, being the most commonly
used ones [4, 5]. Ion mobility spectrometry (IMS) [6] has
also gained interest for the direct analysis of antidepressant
drugs. In general IMS, separates ions in the gas phase based
on their mobilities under the influence of electric field, either
as a standalone system or coupled to mass spectrometry
(IMS-MS) [7, 8].

Regarding applications to determine antidepressant drugs
in diverse matrices, different ionization techniques have been
coupled to ion mobility devices. Jafari et al. [9] described
a method based on electrospray ionization-drift tube ion
mobility spectrometry (ESI-DTIMS) for the simultaneous
determination of desipramine and trimipramine in urine
and plasma samples. Desorption electrospray ionization
(DESI) was coupled to an ambient pressure drift time ion
mobility time-of-flight mass spectrometer (DTIMS-TOFMS)
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for the direct analysis of active ingredients of pharmaceu-
tical samples, including antidepressant drugs in tablets
[10]. Corona discharge ionization (CD) was coupled to ion
mobility for the determination of antidepressant drugs in
urine [11], plasma [12], breast milk, and river water samples
[13]. Piendl et al. [14] reported an online hyphenation of
chip-based high-performance liquid chromatography (chip-
HPLC) with ion mobility spectrometry (MS) to separate
isobaric antidepressants.

Differential ion mobility or high field asymmetric wave-
form ion mobility exploits the electric field mobility where
between two electrodes, an asymmetric waveform is applied
orthogonal to the gas stream. A compensation voltage (CV)
is required to compensate the drift of the ions towards the
electrodes. By scanning the CV, ions with different mobili-
ties can pass through the cell [15]. DMS is generally com-
bined with triple quadrupole linear ion trap, quadrupole
time of flight, or orbitrap and offers the possibility to add
chemical modifiers (e.g., isopropanol, acetone, and toluene)
to the transport gas flow to tune separation selectivity, and/
or improve S/N ratio. Ruskic et al. [16] reported a liquid
chromatography differential spectrometry mass spectrometry
(LC-DMS x HRMS) approach using different modifiers for
selectivity optimization for the analysis for isomeric sulfona-
mide drugs in human plasma. Werres et al. [17] described
a study where they compared three different ion mobility
spectrometry systems including traveling wave ion mobility
spectrometer, a differential ion mobility spectrometer, and
a differential mobility analyzer for the separation of small
isomeric compounds. They concluded that IMS is a generic
method for the separation of small isobaric and isomeric
compounds regardless of the specific technique. DMS could
also be successfully applied to separate isomers and con-
formers of doubly protonated cyclosporine analogues that
are co-eluting using liquid chromatography [18]. Further-
more, DMS has been implemented to compensate for liquid
chromatography selectivity loss in trap-elute approaches.
Bravo-Veyrat et al. [19] reported a 1.5 min high-throughput a
liquid chromatography differential spectrometry mass spec-
trometry using multiple reaction mode (LC-DMS-MRM/
MS) method for determination of reduced and oxidized
glutathione in human blood using ethanol as modifier. Up
to 30 times higher sample throughput compared to LC-MS
was reported using a chromatography-free DMS-MS method
for the quantitation of seven urine metabolites in non-human
primate urine [20]. The application of DMS-MS with chro-
matography was also demonstrated for fast quantitation of
opioid isomers in human plasma using biocompatible solid-
phase micro extraction (bio-SPME) and an open-port probe
sampling interface [21].

While most DMS applications were developed on systems
at atmospheric pressure, recently, a prototype DMS operat-
ing at low pressure regime 6—40 mbar, using a planar-gap

@ Springer

stage within the MS instrument envelope extending the nor-
malized electric field up to 543 Td, was reported by Shvarts-
burg et al. [22, 23]. Transit time below 30 ms makes vDMS
compatible with LC-MRM/MS acquisition.

In the present work, we investigate first the effects of
the LC mobile phase composition in vacuum differential
mobility spectrometry coupled to triple quadrupole mass
spectrometry (VDMS-MS) on resolution and selectivity for
the separation of isobaric antidepressant drugs (i.e., ami-
triptyline, maprotiline, and venlafaxine). In addition, we
describe the potential of vDMS as an additional separation
dimension to reduce LC analysis time while maintaining
good quantitative performance. A set of model compounds
including isobaric antidepressants and structural related anti-
depressants nortriptyline, imipramine, and desipramine were
used to develop an assay in human plasma using a short LC
column operated in trap/elute mode (LC-vDMS-SIM/MS)
and detection in the selected ion monitoring mode. The per-
formance of this assay is compared to that of a liquid chro-
matography method using the multiple reaction monitoring
mode (LC-MRM/MS).

Experimental
Materials and chemicals

Antidepressant standards, amitriptyline, amitriptyline-Ds,
maprotiline, venlafaxine, nortriptyline, nortriptyline-D;,
imipramine, imipramine-D;, and desipramine were pur-
chased from Sigma-Aldrich Co. (Buchs, Switzerland) (for
structures, see Supplemental Info Figure S1). LC-MS grade
acetonitrile were obtained from VWR Chemicals (Fonte-
nay-sous-Bois, France) and Rathburn Chemicals (Scotland,
UK), and methanol (Rathburn Chemicals), perchloric acid
(70%), and acetic acid from Fischer Scientific AG (Reinach,
Switzerland) and Rathburn Chemicals. UHPLC-MS grade
water was from Huberlab (Aesch, Switzerland) and Rath-
burn Chemicals (Scotland, UK).

Preparation of standard solutions

Stock solutions of antidepressants were prepared by dis-
solving each standard in MeOH at 1 mg/mL. The working
solutions were diluted to the desired concentration in 50/50
MeOH/H,0, 0.1% formic acid.

Preparation and treatment of plasma samples

Lyophilized citrate human plasma (P9523) was purchased
from Sigma-Aldrich Co. (Buchs, Switzerland) and used
for the LC-vDMS-SIM/MS method while heparin plasma
generated from anonymized human blood donors (Centre
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de Transfusion Sanguine, HUG, Geneva, Switzerland) was
used for the LC-MS method. For sample preparation, 75
pL of plasma was spiked with 25 pL of internal standards
solution (2400 ng/mL including amitriptyline-D3, nortrip-
tyline-D,, desipramine-D5, and imipramine-D; for LC-MS
method or 2400 ng/mL imipramine-D3 for LC-vDMS-SIM/
MS method). For protein precipitation, 100 uL of 0.5 M per-
chloric acid was added to the mixture, vortexed, and centri-
fuged at 13,000 rpm for 10 min. To a volume of 100 pL of
supernatant, 100 uL of 0.5 M ammonium formate was added
to adjust the pH.

Calibration and quality control samples for assay
validation

Calibration curves were spiked in pooled human plasma to
have a final concentration of 25, 125, 400, 600, 1000, and
2500 ng/mL and internal standard concentration of 150 ng/
mL. LLOQ, QCLow, QCMedium, and QCHigh were pre-
pared independently at three concentrations (25, 80, 500,
and 1500 ng/mL). Assay linearity, accuracy, precision,
detection limit, and quantitation limit were evaluated, and
five replicate analyses were performed during three non-
consecutive days.

LC-vDMS-SIM/MS analysis

Liquid chromatography was performed on a Nexera Mikros
(Shimadzu Corporation, Kyoto, Japan) composed of one
LC-30AD pump, LC-Mikros microflow pump, a SIL-30AC
autosampler, a 6-port switching valve FCV-32AH, and a
CTO-Mikros column oven with UF-Link. The UHPLC sys-
tem was coupled to a LCMS-8060 triple quadrupole mass
spectrometer equipped with a micro-electrospray source and
a prototype vVDMS cell operating at a pressure of 33 mbar
(Shimadzu Research Laboratory, UK). The operating gas
flows were the following: nebulizing gas (NB) flow 1.5
L/min (N,), drying gas (DG) OFF, heating gas flow OFF
(air), CID gas 17 kPa, interface voltage 2 kV, DL tempera-
ture 250 °C, and heat block temperature 400 °C. For trap-
elute LC, an additional pump (LC-30AD) was used and a
Luna Omega C18 column (0.5 %20 mm, 5 um 100A°) was
mounted on a 6-port switching valve as illustrated in Fig-
ure S2. In a first step, analytes were retained onto the col-
umn (25 °C) in front-flush using a mixture of H,O/CH;CN
(95/5; v/v), 0.1% formic acid at 100 pL/min. After 0.25 min,
the valve was switched and the analytes eluted in back-flush
mode to the mass spectrometer using 100% v/v CH;CN,
0.1% formic acid at 50 pL/min. The total run time was 2 min
and injection volume of 1 pL. Data were acquired and pro-
cessed using LabSolutions (version 5.99 SP2, Shimadzu
Corporation, Kyoto, Japan). Table S1 summarizes the LC,
MS, and vDMS optimized parameters for the analysis of

the six antidepressant drugs, and the MS/MS spectra are
presented in Figure S3 (Supplemental Info).

LC-MRM/MS analysis

Liquid chromatography (column and conditions were identi-
cal to that reported by Kirchherr et al. [24]) was performed
on a Nexera UHPLC (Shimadzu Corporation, Kyoto, Japan)
composed of one LC-30AD pump, a SIL-30AC autosampler,
and a CTO-30A oven. The UHPLC system was coupled to a
LCMS-8050 triple quadrupole mass spectrometer with ESI
source (Shimadzu Corporation, Kyoto, Japan). The nebuliz-
ing gas flow was of 1.5 L/min (N,), the drying gas flow of
3.0 L/min (N,), and the heating gas flow of 3.0 L/min (air).
Argon was used as CID gas 270 kPa. The interface voltage
was of 2 kV, the DL temperature of 200 °C, and the heat
block temperature of 400 °C. The analytical column was a
Chromolith Speed ROD C18 column (4.6 X 50 mm, 5 pm,
Merk). The column temperature was set at 24 °C. Mobile
phase A was 5 mM acetic acid in water and mobile phase B
methanol. The gradient started at 20% B, and after 1 min,
the gradient was linearly increase to 70% B in 3 min and kept
constant for 1 min (70% B) followed by re-equilibration time
of 3 min (20% B). The total LC run time was 8 min. The
flow rate was set at 1.0 mL/min and injection volume to 10
pL. Data were acquired and processed using LabSolutions
(version 5.99 SP2, Shimadzu Corporation, Kyoto, Japan).
Table S1 summarizes the LC, MS, and vDMS optimized
parameters for the analysis of the six antidepressant drugs.

Results and discussion
vDMS optimization

The prototype vDMS consists of a planar cell [22] is inserted
into the vacuum manifold of the triple quadrupole and oper-
ated at a pressure 20—40 mbar (N,) as shown in Fig. 1. The
dispersion plot (CV versus separation voltage (SV)) were
recorded for three isobaric antidepressants (amitriptyline,
maprotiline, and venlafaxine at m/z 278.2) electrosprayed
by infusion at 8 pL/min.

The SV and CV values were scanned from 0 to 223 Td
(SV)and 11.1 to—1.9 Td (CV) (steps of 6 Td and 0.04 Td,
respectively), and peak capacity (PC) and resolution (Rs)
were calculated according to Egs. (1) and (2) [15]:

PC = CV o = CVin/1.7 X FWHM g 1504 )

max

Rs = 1.1I8 X [(CV, — CV,)/FWHM, — FWHM,) @)

PC is calculated over a set of analytes where CV is the
compensation voltage and FWHM, is the full width at

averaged
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Fig. 1 Schematic representation ESI . .
of the vacuum differential ion Desolvation line
mobility mounted in the triple Planar DMS Detector
quadrupole q 2 Q3
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/ N
Drying gas

Nebulizer gas

half maximum averaged of all peaks. The Rs is calculated
between two isomeric peaks. Compared to a SV of 300 V,
at 800 V, the analytes CV are positively shifted by about 15
to 20 V, as typically observed for type C behavior result-
ing from hard-sphere interactions [15]. At SV of 760 V, the
peak capacity improved by a factor of 2 with a decrease of
absolute sensitivity of about 20 times, compared to SV of
300 V (Fig. 2).

This gain in peak capacity is not sufficient to obtain a
baseline separation of the isobaric compounds, even at high
E/N of 198 Td. In general, at fixed flow rates, the recorded
relative standard deviations (RSD) of the CV were found to
be less than 15% inter-day and intra-days (data not shown).
However, it was observed that infusion or LC flow rates > 10
pL/min and mobile phase composition did affect the CV,
which were shifted to more negative values suggesting a
type A or B behavior. Type A behavior results from a repeti-
tive clustering and declustering of an ion with polar neutral
species in the transport gas. Therefore, the effect of infusion
flow rates (from 2 to 50 pL/min) and mobile phase compo-
sition (100% methanol and acetonitrile with 0.1% FA) on
resolution were investigated for amitriptyline, maprotiline,
and venlafaxine and are presented in Fig. 3. At 2 pL./min,
all analytes showed CV around 13-17 V while at 50 pL/min
with 100% acetonitrile with 0.1% FA as mobile phase, all
analytes were shifted to more negative CV values by about
10 to 20 V and were almost baseline separated. For metha-
nol with 0.1% FA, only a small negative shift of 3—4 V was
observed.

Compared to methanol, acetonitrile solutions provided
the best resolution RS, =2.36, RSy;=4.13, and RS, =1.70,
and the best peak capacity was also observed for acetonitrile
PC=3.50, compared to methanol (PC=0.75) (Supplemen-
tal Info Figure S4). The use of polar protic solvent such as
methanol broadens peaks leading to lower resolution of the
isobaric antidepressant compounds (RS, =0.11, RS);=0.93,
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RS,,=0.77) compared to a polar aprotic solvent such as ace-
tonitrile. The separation performance in ambient-pressure
DMS is influenced by several parameters, such as the SV,
the drift gas type (e.g., nitrogen), the cell geometry, and the
temperature. With the vDMS, pure nitrogen is introduced in
the cell but at higher infusion or LC flow rate (50 pL/min), a
CV shift to more negative values and better resolution can be
observed similar to the case where modifiers are introduced
in the drift gas of atmospheric pressure DMS cell. One can
postulate that a small fraction of the solvent is getting into
the mobility cell through the interface and is playing a role
in the clustering-declustering mechanism even at very low
concentration as reported in atmospheric pressure DMS, in
which pure or mixtures of organic solvents are introduced
by a syringe or peristaltic pump in the DMS nitrogen carrier
gas at fixed concentration between 0.1 and 3% (mole ratio
N,/solvent) [25].

Trap/elute setup with short LC column using vDMS
for the analysis of antidepressant drugs in human
plasma

The simplest way to significantly decrease the analysis time
of a LC-SRM/MS assay is to reduce chromatographic sepa-
ration using a shorter column (typically 10-20 mm length).
This can become problematic with regard to selectivity con-
sidering co-eluting compounds in particular when isobaric
or isomeric drugs are analyzed. Nortriptyline, desipramine,
and imipramine have different molecular weights and can be
distinguished by their specific SIM traces or MRM transi-
tions even when they co-elute. Amitriptyline and mapro-
tiline are isomers, and isobars to venlafaxine, and can be
differentiated by specific MS/MS mass fragments (m/z
278 >m/7 233, m/z 278 > m/z 250, and m/z 278 > m/z 58 see
Figure S3, Supplemental Info) but at the cost of assay per-
formance. The introduction of DMS as second orthogonal
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Fig.2 Dispersion plots (CV versus SV) with signal intensities of
amitriptyline (A), maprotiline (B), and venlafaxine (C) in SIM mode.
vDMS was used in scan mode (DV ramp from 0 to 900 V and CV
stepped by 0.2 V). Overlaid compensation voltage plots for the three

separation dimension to LC-MS allows separation of co-
eluting analytes in LC without any change in analysis time.
The temperature of the ion mobility cell was 60 °C, and
the N, pressure was 33 mbar. Several vDMS parameters
were optimized, including flow rate (2-50 pL/min), organic
solvent (methanol, acetonitrile), SV, and CV. For further
analysis, an SV of 760 V (E/N 188 Td) was used, and CV
values for each analyte are summarized in Table S1. Under

isobaric antidepressant drugs at SV of 300 (D) and 800 V (E). DMS
cell temperature was of 60 °C, pressure 33 mbar, and nitrogen as a
drift gas. The analytes were infused at 500 ng/mL at a flow rate of 8
pL/min (50/50 H,O/CH;CN 0.1% FA)

the conditions investigated, not all analytes were baseline
separated using vDMS such as imipramine and venlafax-
ine, but the three isobaric compounds showed different CV.
The use of vDMS also significantly reduced the background
noise which improves the S/N in SIM mode.

Sensitivity of an assay also depends on the injection
volume, which can be critical with small i.d. columns
(<1 mm). In the LC-vDMS-SIM/MS method, the sample
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Fig. 3 Effect of the increase

100% ACN

20

2 pL/min
cV(V)

5-12 6 913172024

50 pL/min

&mcw

30 -5-3-102 46 8 9111315

40

Flow rate (uL/min)

flowrate, from 2 to 50 pL/min, A
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2
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injection volume was reduced to 1 pL. In the trap-elute LC
setup, a short column (20 mm) is mounted on a six-port
switching valve. In a first step after injection, the analytes
are retained onto the column while salts and polar endog-
enous compounds are washed out. In a second step, a bal-
listic organic elution (100% CH;CN, 0.1% FA) is applied
in front-flush or back-flush mode, and the analytes are
eluted to the mass spectrometer. These conditions were
found best for good ESI sensitivity and vDMS separation.
In the present case, the sample is loaded in front-flush
with a high aqueous mobile phase (CH,CN/H,0O 5/95
v/v) at 100 pL/min into the column, and perchloric acid/
ammonium formate and other salts are washed out while
the antidepressant drugs are retained. After 0.25 min, the
valve is switched to allow elution of the retained analytes
in back-flush mode with 100% v/v CH;CN, 0.1% FA at 50
pL/min. The trap/elute setup enables (i) to select the best
solvent conditions (composition and injection volume)
for pre-concentrating the analytes, (ii) to wash interfer-
ences, and (iii) to select the elution solvent with best DMS
performance.

@ Springer

10

Flow rate (uL/min)

2 pL/min

cV(V) J S

8 10 12 13 15 17

100% MeOH

50 uL/min

CcV(V) }i S

8 10 12 13 15 17

20 30 40 50

Representative XIC chromatograms of a blank human
plasma and a human plasma spiked at 75 ng/mL with all ana-
lytes are presented in Fig. 4A and B (more detailed view in
Supplemental Info Figure S7). The combination with vDMS
enables analyte baseline separation based on mobility in the
gas phase at high/low field for a rapid quantitative analysis
(less than 2 min), improving the S/N ratio and selectivity
of the isobaric antidepressant drugs enabling detection in
SIM mode.

To evaluate the performance of the short LC-vDMS-
SIM/MS method, calibration and quality control sam-
ples (QCs) were prepared in human plasma. Accuracy,
precision, linearity, and sensitivity were determined
and compared to a standard LC-MRM/MS method. The
analysis time of the LC-MRM/MS method was of 8 min
using four isotopically labelled internal standards, and a
representative chromatogram is shown in Figs. 5B and
S6. In LC-MS analysis, to compensate matrix effects
and for accurate quantification, the use of isotopically
labelled internal standards is highly recommended for
each analyte, and individual deuterated IS were used for
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Fig.4 Representative XIC
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Fig.5 Representative zoomed (x100,000)
20

chromatograms of human 1 Amitriptyline 278.2(+)
plasma with 400 ng/mL antide- 2.Maprotiline 278.2(+) A
pressant drugs (IS 150 ng/mL) 3.Venlafaxine278.2(+)
. 4. Nortriptyline 264.2(+)
A LC-DMS-SIM/MS (2 1’11.111) ’ 1.0 5.Imipramine 281.2(+)
and B LC-MRM/MS (8 min), 6.Desipramine 267.2(+)
individuals XIC are presented in . 7.1S,Imipramine-D3 284.2(+)
Figure S6

intensity

(x10,000,000)

1.Amitriptyline 278.2>233.1(+) CE: 25
""12.Maprotiline 278.2>250.1(+) CE: 25.0
3.Venlafaxine 278.2>58.1(+) CE: 35.0

4 Nortriptyline 264.1>233.1(+) CE: 25.0
5.Desipramine 267.1>72.2(+) CE: 35.0
0.5{6.Imipramine 281.1>86.1(+) CE: 35.0
7.1S,Amitriptyline-D3 281.1>105.2(+) CE: 35.0
8.1S,Nortriptyline-D3 267.1>105.1(+) CE: 35.0
9.1S,Desipramine-D3 270.4>75.1(+) CE: 35.0
o 10.1S,Imipramine-D3 284.1>61.1(+) CE: 35.0

intensity

15 17 1.9 2.1 23 25 27 29 31 4.1 43 min

amitriptyline, nortriptyline, desipramine, and imipra- LC-vDMS-SIM/MS method, all analytes co-elute, so
mine. For the quantification of venlafaxine and mapro-  only one IS (imipramine-D3) is required which simpli-
tiline, amitriptyline-D3 was used as IS. In the trap-elute  fies method development and reduces cost.
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For both methods and all the analytes (including the
LLOQ), inter-assay precision based on QC samples was
lower than 12.5% and inter-assay accuracy was in the range
86.1-111% for the concentration range 25 to 2500 ng/mL and
are summarized in Table 1, and in Supplemental Info Fig-
ures S5 and S6. These results show that LC-vDMS-SIM/MS
method enables analysis of four times more samples in the
same time period using only one IS and similar performance
(linearity, accuracy, precision, limit of quantification) com-
pared to the LC-MRM/MS (note that the injection volume
in LC-vDMS-SIM/MS was 1/10 of that in the LC-MRM/MS
method). The present assay demonstrated that vDMS is also
a practical approach in bioanalysis as atmospheric pressure
DMS. DMS offers an additional selectivity dimension for
the development of quantitative assay. The purpose of the
present work was not to achieve better sensitivity compared
to the conventional LC-MS/MS assay but the possibility to
significantly reduce LC analysis time.

Conclusions

In this study, we have investigated the effect of LC mobile
phase on the differential mobility behavior of antidepressant
drugs (AD) (including isomers and isobars) in a prototype

vDMS planar cell inserted into the vacuum manifold of the
triple quadrupole and operated at a pressure 20—40 mbar
(N,). The results show that changing between the com-
monly used LC solvents, acetonitrile, and methanol, and
altering the flow rate shift the CV and improve the separa-
tion selectivity of the analytes. In the case of AD drugs, the
use of a polar aprotic organic solvent such as acetonitrile
at higher flow rate (approx. 50 pl/min) enables separation
of the isobaric analytes. A method combining a short C18
column with trap/elute LC setup hyphenated to vDMS and
mass spectrometric detection in SIM mode was developed
for the simultaneous quantification of isobaric antidepres-
sants; amitriptyline, maprotiline, venlafaxine; and struc-
tural related antidepressants nortriptyline, imipramine, and
desipramine with an LOQ of 25 ng/mL in human plasma.
The LC-vDMS-SIM/MS method was compared to a LC-
MRM/MS method, and in both cases, inter-assay precisions
were lower than 12.5% but with a four times higher sample
throughput for the vDMS method. The LC trap/elute DMS
setup is not limited to antidepressant drugs and should be
a practicable approach for different classes of compounds.
It is postulated that a small fraction of the LC organic
solvent is transferred into the vDMS cell through the inter-
face and acts as a modifier in a cluster/declustering mecha-
nism without the use of additional hardware. This opens

Table 1 Inter-assay precision

: QC level Method AMI MAP VEN NOR IMI  DES
and accuracy for quality control
(QC) of plasma samples spiked LLOQ LC-vDMS-MS (SIM) Accuracy (%) 102 91.8 104 100 107  97.3
X;l;};a;;ifg;sﬁﬁ? g;zif' (25 ng/mL) Precision (%) 104 875 129 891 102  9.94
maprotiline; VEN, venlafaxine; S/N 52 41 350 253 243 117
NOR, nortriptyline; IMI, LC-MS (MRM) Accuracy (%) 110 100 114 101 110 108
imipramine; DES, desipramine Precision (%) 6.12 859 658 285 197  4.68
;%;‘Iil‘efffrzzto”gig‘v’v‘z it of SIN 327 702 50 384 436 1637
quantification, LOC low QC, LQC LC-vDMS-MS (SIM) Accuracy (%) 100 954 934 993 106  86.1
MQC medium QC, HQC high (80 ng/mL.) Precision (%) 8.12 671 723 125 113  5.63
QC S/N 424 178 1492 694 622 367
LC-MS (MRM) Accuracy (%) 933 893 874 870 898 920
Precision (%) 5.94 484 428 945 7.3 367
SIN 594 1296 120 1096 2157 2343
MQC LC-vDMS-MS (SIM) Accuracy (%) 98.5 939 948 933 936 984
(50 ng/mL) Precision (%) 7.44 108 959 846 9.2 8.5
SIN 1964 448 6551 2135 2868 901
LC-MS (MRM) Accuracy (%) 99.5 108 923 96.6 111 104
Precision (%) 7.80 643 429 566 585 109
S/N 8018 12,012 402 8805 24,475 17,128
HQC LC-vDMS-MS (SIM) Accuracy (%) 101 94.1 93.7 96.5 95.3 92.0
(1500 ng/mL) Precision (%) 114 957  7.02 635 917 921

LC-MS (MRM)

S/N 2797 898 6702 3585 3946 1499
Accuracy (%) 91.5 97.3 93.8 949 934 95.0
Precision (%) 9.29 6.15 9.29 7.33 4.94 6.39
S/N 17,696 18,303 860 17,219 41,603 34,722
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new analytical possibilities to improve vDMS performance
based on LC mobile phase conditions either to significantly
reduce analysis time and/or to remove potential interferences
for improved quantification selectivity even in the selected
ion monitoring mode. In the present work, the highest flow
rate used was of 50 uL/min but preliminary investigations
showed that higher flow rates up to 300 pL/min are also
possible.
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